Oral cancer is the most frequent cancer of the head and neck region and is one of the common causes of mortality. The effect of etiological factors such as tobacco and alcohol consumption in its causation is well known, however there are a growing number of cancers that occur in patients without exposure to these established factors and a viral association especially human papilloma virus has been referred to the development of oral cancer in such patients. Human papilloma virus, a DNA virus has been implicated as an etiological agent for a subset of oral squamous cell carcinomas especially those arising from the oropharynx. Human papilloma virus associated tumors are a distinct clinico pathologic entity and they have a better prognosis as compared to the human papilloma virus negative carcinomas.
The word cancer is derived from the Greek terminology "Karkinos" which means crab and it denotes how carcinoma extends its claws like a crab into the adjacent tissues. 1 Oral cancer denotes the malignancy arising from the oral tissues and oral squamous cell carcinoma is the 6 th most common cancer worldwide. 2, 3 It represents the most frequent cancer of the head and neck region, with squamous cell carcinoma being the most common entity accounting for almost 90 -95% of all malignancies of the oral cavity. 4 Several factors like age, gender, genetic background, lifestyle, status of health and exposure to one or more oncogenic factors are said to be involved in oral carcinogenesis and tobacco smoking and alcohol consumption are well established etiological factors for oral cancer. 5 However, there are a considerable number of younger patients who inspite of not being extensively exposed to these established etiological factors develop oral cancer. The role of these factors in these patients is not certain due to the short time of exposure and the etiology of oral squamous cell carcinoma in such individuals is unclear. 6, 7 A viral association has been referred to the development of oral squamous cell carcinoma in this group and high risk human papilloma virus (HPV) infection has been documented to play a role in carcinogenesis in such patients. 7, 8 HPV induced squamous cell carcinoma more frequently develops from the oropharyngeal region and the oropharynx is the head and neck site that has a definite etiological association between persistent HPV infection and the development of squamous cell carcinoma. HPV positive malignancies represent about 40 -90% of malignancies arising from the oropharynx. Therefore HPV associated oropharyngeal squamous cell carcinoma (OPSCC) now represents a significantly higher proportion of head and neck squamous cell carcinoma and is a distinct clinical and molecular entity. 
Structure and Life Cycle of HPV :
HPV is a non enveloped DNA virus belonging to the Papillomaviridae family having a diameter of 52 -55 nm and covered by an icosahedral capsid composed of 72 capsomers. 10 The HPV genome has about 7200 -8200 base pairs and molecular biology techniques have characterized the HPV genome. It has 8 open reading frames, divided into three functional regions. The first region is the Early (E) region which codes for early functional proteins and extends for about 45% of the genome. The second region is the Late (L) region which codes for late structural proteins and extends for about 40% of the genome. The third region is the Long control region (LCR), its sequences regulate gene transcription and performs regulatory functions.
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HPVs possess a special tropism for squamous epithelial cells and the life cycle of HPV begins with infection of stem cells in the basal layer of the epithelium. After entry into the cells, the virus expresses E1 and E 2 genes. These proteins bind to the viral origin of replication and recruit DNA polymerases and other proteins required for replication of DNA. In the suprabasal layer, there will be expression of the genes E1, E2, E5, E6 and E7 and these contribute to maintaining the viral genome and induce cell proliferation, thus resulting in a higher number of cells that produce infectious virions. In the granular layer, the products of the genes L1 and L2 and the major and minor proteins of the viral capsid gather and assemble the viral capsids, which reach the cornified layer of the epithelium and are released. 12 Till date, more than 130 genotypes of HPV have been identified and they are categorized based on their oncogenic potential as low risk (HPV-6, 11, 13, 32) and high risk types (HPV-16, 18, 31, 33, 35). 13 Low risk genotypes of HPV have been associated with benign oral proliferative epithelial lesions, while high risk genotypes have been associated with potentially malignant and malignant oral epithelial lesions and HPV 16 and 18 are the high risk HPV genotypes that are most frequently detected in malignant oral epithelial lesions. 13, 14 In benign lesions, the virus is not integrated into the genome of the host cell, where as it is integrated into the genome of the host cell in case of malignant lesions.
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Pathogenesis of HPV Induced Carcinogenesis:
Syrjanen first proposed the involvement of HPV in oral and oropharyngeal carcinoma and its involvement was based on the following elements: the specificity of HPV to epithelial cells, the oncogenic potential of HPV in the pathogenesis of cervical sqamous cell carcinoma and the morphological similarity between oropharyngeal and genital epithelia. 7, 8 The oncogenic potential of high risk genotypes of HPV is attributed to the integration of the virus into the host genome. 15 During this process of integration, the circular form of viral genome breaks at the level of E1 and E2 regions and the E2 open reading frame has been found to be the preferred site of viral integration as it has been deleted or disrupted more frequently than other sites. 15, 16 The loss of these regions produces loss of control of E6 and E7 leading to enhanced expression of these two viral oncogenes. The E6 and E7 viral oncoproteins are normally controlled by the E2 and E1 inhibitory genes and upon integration these genes are altered or deleted, leading to unchecked transcription of these viral oncoproteins.
15-17 The E6 and E7 oncoproteins then inactivate the tumour suppressors -p53 and Retinoblastoma (Rb) and the carcinogenic effect of high risk HPVs has been attributed to a large extent to these two viral gene products. 9, 18 The E6 viral oncoprotein causes degradation of p53 and substantial loss of its activity via the ubiquitin pathway. E6 binds to E6AP, a cellular protein and the resulting complex between E6 and E6AP is responsible for ubiquitination and subsequent degradation of p53. As a consequence, the normal functions of p53 such as cell cycle arrest or induction of apoptosis are hampered resulting in a higher susceptibility to genomic instability. The carcinogenic effect of E7 is attributed to its ability of causing degradation and inactivation of pRb, thus preventing the binding of pRb to the transcription factor E2F, which is required for progression of the cell cycle. 19 Consequently, there is release of E2F with promotion of the G1-S phase transition of the cell cycle and transcription of genes required for progression of the cell cycle.
Persistent expression of the viral oncoproteins E6 and E7 leads to activation of protooncogenes, resulting in the fully malignant phenotype. 9 Further, the carcinogenic effect of tobacco, alcohol and other carcinogens may be increased by HPV infection and neovascularisation and cellular immortality are also said to be associated with HPV infection.
Normally pRb functions as a negative regulator of p16, which is a tumor suppressor protein located on chromosome 9p21 that inhibits the cyclin D -CDK4 complex, thereby preventing phosphorylation of pRb and inhibition of cell cycle progression. 20 As the E7 viral oncoprotein causes inactivation of pRb, p16 is released from its negative feedback control, causing an increase in the levels of p16. 21 As a consequence, there is overexpression of p16 in the nucleus and cytoplasm of tumor cells affected by HPV which can be visualized immunohistochemically and is thus considered as an indirect marker of HPV infection.
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Clinical Features:
HPV s are mostly transmitted by sexual contact but it can also be acquired through vertical spread and self inoculation. 11 It may infect the keratinized surface of the skin or the lining of the mouth, throat, respiratory or anogenital tract epithelium based on which they are characterized as cutaneous types or mucosal types accordingly. 12 The HPVs that infect the mucosal epithelium have been categorized as low risk or high risk types based on their oncogenic potential and association with carcinoma of the cervix.
14 The low risk HPVs have a low oncogenic potential as they have a low affinity for tumor suppressor proteins and they are thus associated with benign lesions. 23 The lesions usually regress spontaneously in the immunocompetent individuals while they persist in immunodeficient individuals. Persistent infection with HPV and integration of the viral genome into the host genome contribute to increasing the risk of malignancy. 12 HPV positive squamous cell carcinomas are more likely to arise in middle aged white men and in individuals with an increased number of sexual partners and a history of marijuana use. They are less likely to arise in individuals with heavy tobacco and alcohol exposure. 24 The presence of HPV infection is more frequent in the oropharyngeal region probably due to the invading crypts that provide a large epithelial surface and the non keratinised mucosa that facilitate access of the virus to the basal cells. 6 The palatine tonsils and base of the tongue are more commonly involved than other oropharyngeal subsites and this may be attributed to the reticulated epithelium covering the tonsillar crypts having epithelial disruptions, that render the basement membrane unprotected against viral deposition thus making it more prone to HPV infection. 9 HPV associated malignancies are a distinct clinicopathologic entity that present usually with smaller primary tumors, have fewer gross chromosomal aberrations and thus have a better prognosis in comparison to the non HPV associated tumors. 10, 25 There is a large variation in HPV prevalence in different parts of the world ranging from 19 to 72% and the prevalence of high risk HPV in oro pharyngeal cancer has been reported to be highest in North America. 24, 26 This great variation in HPV prevalence may be due to differences between the populations analysed, differences in the methods for extraction of DNA, the samples used for testing and most importantly the HPV detection methods used.
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Detection of HPV:
Although there has been a decline in the overall incidence of head and neck squamous cell carcinoma, there has been a rise in the incidence of squamous cell carcinoma of the oropharyngeal sites in which HPV positive tumors predominate. Therefore, identification of the HPV status in OPSCC has become important in clinical practice. 28 HPV cannot be cultured in vitro, therefore its detection is done through analysis of HPV DNA sequence using nucleic acid probes and detection of HPV DNA is the most widely used method to diagnose HPV infection. The various methods for detection of HPV DNA include direct nucleic acid probe methods like insitu hybridization (ISH) and Southern blot, target amplification methods most notably Polymerase chain reaction( PCR) and hybridization signal amplification which is an extension of direct probe techniques. Target amplification is said to be the most sensitive of all DNA analysis techniques and PCR has been recognized as the most appropriate method to identify HPV because of its higher sensitivity and specificity. 29 PCR based detection of HPV E6 mRNA in frozen sections is considered to be the most appropriate method for the detection of oncologically relevant HPV infection. However, this method is not feasible in routine pathology laboratories and there are difficulties with analysis of mRNA from paraffin embedded mucosal biopsies also because of degradation of RNA and mixture of mRNA from lesional and non lesional tissues. 9, 30 Moreover, HPV specific PCR is not routinely available in most diagnostic laboratories and traditional PCR may be too sensitive, amplifying contaminant HPV from the laboratory environment or other specimens rather than from a tumor in which the virus is present. In situ hybridization allows direct visualization of the virus in tumor cells and is quite specific for high risk HPV and is also more practical in a clinical setting. However, reactivity can be very focal, nonspecific staining is common and it is not completely sensitive. Therefore, the best method for HPV detection remains controversial. 28 A frequently recommended approach is to use a combination of p16 immunohistochemistry followed by ISH and immunohistochemical detection of p16 is often used as an indirect marker for HPV infection along with HPV diagnostics. 28, 31 p16 is a tumor suppressor protein that inhibits cyclin dependant kinases and immunohistochemical staining of p16 can be used as an alternative method to indicate the expression of E7 viral oncoprotein through a mechanism in which E7 inactivates pRb and releases the negative feedback inhibition on p16 expression. 28, 30 Immunohistochemical detection of p16 is generally accessible and it has a lower cost than other HPV specific tests. 32 This approach is very practical and can detect HPV in a high percentage of OPSCC.
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Treatment and Prognosis:
The treatment of patients with HPV positive tumors will essentially be the same treatment as that of patients with HPV negative tumors and is based on the stage of the disease and the general health condition of the patient. 9 These tumors have favorable clinical outcomes as they respond well to all standard treatments whether they be surgery, radiotherapy, chemotherapy or combined modality therapy. 28 However, aggressive multimodality therapies would not be appropriate for HPV positive patients who are younger and have a prolonged survival as significant toxicities are associated with current treatment regimens used in clinical practice and patients must live with these adverse treatment related effects for longer periods of time. 9, 33 In this context, clinical trials have been developed towards a de-intensified therapy with the intent to reduce toxicity and substantial morbidity associated with cancer treatments while maintaining clinical efficacy, thereby improving the long term quality of life. 9 HPV associated tumors have a better prognosis than the non HPV associated tumors as they have a lower risk of tumor progression and an enhanced sensitivity to ionizing radiation. 34 In a recent meta analysis, it was reported that patients with HPV positive oropharyngeal and head and neck squamous cell carcinomas were less likely to experience cancer recurrence than patients with HPV negative tumors. Furthermore, patients with HPV positive tumors had a 50% reduction in overall mortality compared with the HPV negative patients. The favourable outcome and better prognosis of HPV induced squamous cell carcinomas may be attributed to an enhanced sensitivity to treatment due to a wild type p53, allowing an apoptotic response of tumor cells to radiation and chemotherapy.
